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[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF THE UNIVERSITY OF ILLINOIS] 

Succinic-d2,a'-d, Acid and its Derivatives 

BY ANDREW MCLEAN' AND ROGER ADAMS 

The saturation of ethylene and acetylenic bonds 
with deuterium and deuterium-hydrogen mix- 
tures in the presence of a catalyst has been carried 
out by several investigators.2 With two excep- 
tions," the reactions studied were mainly in the 
gaseous phase and the workers were primarily in- 
terested in reaction kinetics, etc., rather than in 
the properties of the products. The availability 
of physical data on organic compounds containing 
deuterium is of equal importance and for this rea- 
son the work herein described on the products of 
the catalytic reduction of the acetylenic bond was 
undertaken. 

A preliminary series of reductions demonstrated 
that deuterium added to acetylene linkages in the 
same manner as hydrogen and that the rate of 
addition of deuterium was slow& than of hydro- 
gen. In other preliminary experiments measured 
volumes of hydrogen isotopes of known content 
were passed continuously over a shaken mixture 
of platinum oxide catalyst and ethyl acetate con- 
taining sufficient dimethyl acetylene dicarboxyl- 
ate to absorb about one-quarter of the gas when 
reduction was complete. When absorption no 
longer took place, the residual gas was analyzed 
and shown to have essentially the same relative 
content of isotopes as the original, indicating no 
marked preferential absorption of one isotope and 
no rapid, if any, interchange of hydrogen and deu- 
terium. Within the past few years the hydrogen- 
deuterium inter~hange,~ spontaneous and under 
the influence of various factors, has received much 
attention and the possibility of such a reaction 
has been kept in mind during the course of the 
various steps in the syntheses to be described. 

After these introductory results were obtained 
reductions of pure dimethylacetylene dicarboxyl- 
ate with pure deuterium were carried out with the 
production of dimethyl succinate-a-dz,a'-dz (I). 
(1) Commonwealth Fund Fellow 1933-1935. 
(2) Klar, Z. p h y s i k .  Chcm., EST, 319 (1934); Melville, J .  Chcm. 

SOL., 797, 1243 (1934); Klemenc and von Frugnoni, Nalurwiss., 19, 
465 (1934). 

(2a) Schoenheimer and Rittenberg, J .  B id .  Chcm., 111, 163. 193 
(1935); Erlenmeyer and Gartner, Helo. Chim. Acta, 19, 129, 145, 
331, 336, 354 (1936). 
(3) Gould and Bleakney, THIS JOURNAL, 66, 247 (1934); Halford, 

Anderson and Bates, ibid. ,  66, 492 (1934); Reyerson, i b i d . ,  66, 
1426 (1934); 61, 779 (1935); Parkas, Farkas a n d  Rideal, Proc. 
Roy.  Soc., A146, 630 (1980); Horiuti and Polanyi, Trans. Faraday 
Sa., SO, 663, 1164 (1934). 

This was hydrolyzed to succinic-adz, a'-dz acid 
(11) with water containing a few drops of nitric 
acid. Finally, phosphorus oxychloride was used 
for converting the acid into succinic-a&, a'-& 
anhydride (111). The quantitative analyses, the 
melting points, densities and indices of refraction 
of these compounds were determined. 
CHa00C-CkC-COOCHs 

CHaOOC-CD2-CDe-COOCHa + 
I 

HOOC--CD~-CD~-COOH + CD1-CDz 
I1 I t  

\o/ 
co co 

I11 

Analysis for carbon and hydrogen, although it 
does indicate the effect of increased molecular 
weight, is not an entirely satisfactory method of 
comparing compounds containing deuterium and 
hydrogen or deuterium only with their pure hy- 
drogen analogs. The objection is essentially that 
in the calculation of the percentage hydrogen iso- 
topes, it must be assumed that the water formed 
in the combustion contains known proportions of 
HzO and DzO, i. e., in %D (or D + H) = (X X 
2 X lOO)/Y, where X is the weight of water 
formed and Y the weight of the sample burned; 
2 the ratio of the molecular weight of the hydro- 
gen to the molecular weight of the water can be 
calculated only by assuming the formula of the 
substance beforehand. 

In calculating the percentage of hydrogen or 
deuterium in two analogs containing merely deu- 
terium or hydrogen, the results again are not sig- 
nificant unless it is assumed that one of the com- 
pounds is a deuterium and the other a hydrogen 
compound. However, in compounds of relatively 
low molecular weight, the carbon values in two 
analogs differ by one to two per cent. or moreaa 
and make it possible to identify a hydrogen or 
deuterium compound. The presence of impurities 
of one analog in the other, if in small amounts, 
would however not be apparent from the analyses. 

The following table of analytical data shows 
the values obtained with the deuterium and hy- 
drogen-containing compounds prepared in this 
investigation. The atomic weight of hydrogen 

(3a) Clemo, J. Chcm. SOL., 851, 1325 (1935). 
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TABLE I 
ANALYSES OF HYDROGEN AND DEUTERIUM ANALOGS 

In order to obtain satisfactory analyses on the acids and anhydrides, only copper oxide was used in the combustion 
tube, which was twice as long as that ordinarily employed. The combustions were run very slowly. 

Dimethyl succinate-a-dz,d-d1 (found) (I) 
(11) 

Dimethyl succinate (found) (1) 
(11) 

(calcd.) 

(calcd.) 

Succinic-a&,a’-d2 acid 

Succinic acid 

Succinic-&, a’-& anhydride (found) (1) 
(11) 

(11) 

has been taken as 1.008 and of deuterium as 
2.013.* 

A comparison of the density of a deuterium- 
containing compound with that of its light hydro- 
gen analog should allow conclusions to be drawn 
with greater certainty, as in this case the actual 
figures obtained are free from assumptions re- 
garding the composition of the compounds in- 
volved. The succinic acids both decompose ap- 
preciably at their melting points into the anhy- 
dride and water and so are unsuitable for density 
determinations, but the dimethyl esters and the 
anhydrides are amenable to such measurements 
(Table 11) by the methods described in the ex- 
perimental part. 

TABLB I1 

(calcd.) 
Succinic anhydride (found) (I) 

(calcd.) 

DENSITIES OF HYDROGEN AND DEUTERIUM COMPOUNDS 
Compound d$ Temp., I, ‘C. 

Dimethyl succinate-a-dn,d-d2 1.1450 20 
Dimethyl succinate 1.1185 20 
Succinic-a-dr,a’-ds anhydride 1.2799 131 
Succinic anhydride 1.2340 131 

The difference in the densities of the hydrogen 
and deuterium analogs is striking and shows with 
a fair degree of certainty that deuterium atoms in 

( I )  Bdnbridga, Phyr. Ekr., 41, 1 (19al). 

Subst.. 
mg. 

4.447 
3.922 

4.594 
3.692 

... 

... 

4.200 
4.248 

3.728 
... 
... 

4.158 
4.120 

3.842 
3.600 

... 

I . .  

c o t ,  
mg. 
7.84 
6.93 

8.29 
6.70 

.. 

. .  

6.12 
6.13 

5.58 
. .  

a .  

7.05 
7.00 

6.78 
6.35 

. .  

.. 

HnO, 
mg. % C  
2.81 48.09 
2.50 48.19 
. . 48.00 

2.89 49.22 
2.32 49.48 

. . 49.31 

2.08 39.74 
2.03 39.35 
. . 39.34 
1.75 40.82 
. .  40.68 

1.64 46.24 
1.60 46.33 
. . 46.15 
1.41 48.13 
1.36 48.11 
.. 48.00 

% Hydrogen % Calcd. 
isotopes as HtO 

9.47 (7.09) 

9.39 . .  

(9.36) 7.03 
* .  6.85 

9.55 (7.18) 

(9.37) 7.04 

(E) 
19.36 
8.53 (5.45) 
8.31 (5.36) 
8.24 . .  
(8.17) 5.25 

. .  5.08 
% Calcd. 
as DrO 

20.03 
7.92 (4.42) 
7.80 (4.36) 
7.72 . .  
(7.37) 4.10 
(7.59) 4.22 

. .  4.00 

(““) 

methylene-& groups do not readily interchange 
with hydrogen atoms in other molecules or in 
other parts of the same molecule. There were 
three separate times during the transition from 
ester to anhydride a t  which interchange might 
have taken place, namely, shaking with platinum 
in the presence of ethyl acetate, hydrolysis in the 
presence of water and nitric acid and interchange 
with carboxylic hydrogen at the acid stage. Lewis 
and Schultz5 have indicated that the last of these 
does not take place in the case of acetic acid-d, but 
other investigations might have led to the belief 
that interchange was possible during the first and 
second operations. 

On the assumption that the molecular volume 
of hydrogen and deuterium in organic compounds 
is essentially the same, i t  should be possible to 
evolve a general equation for calculating the den- 
sity of any deuterium compound provided the 
density of the hydrogen analog is known. Such 
an equation follows. 

where dH is the density of the hydrogen analog, 
N D  is the number of deuterium atoms in the mole- 

(6) Lowh and Schultz, T ~ l l  JOtmXAL, ##, 498 (1984). 
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cule and M the molecular weight of the hydrogen 
compound.6 Density data on deuterium com- 
pounds are very scarce; in fact, those for deuter- 
ium oxide? benzene-& and deuterochloroform 
have been the only ones available for comparison 
up until this time. 

In  the following table experimental values and 
calculated values are given for the five pairs of 
compounds thus far studied. 

Only in the cases of the benzene-& and the 
deuterochloroform do the calculated values agree 
probably within experimental error with the 
found values. These substances were shown by 
Raman spectra analyses to be free from hydrogen. 
One of two conclusions may be deduced from the 
other results-( 1) that the deuterium compounds 
were not pure or (2) that the replacement of hy- 
drogens in these molecules by deuterium atoms 
may increase the molecular volume of the com- 

TABLE 111 

COMPOUNDS 
CALCULATED AND FOUND DENSITIES 

Compound d'r 

Benzenes 0.8736 
Benzene-dc 0.9417 
Chloroform 1.4888 
Deuterochloroformlo 1.5004 
Water 0.9982 
Deuterium oxide' 1.1059 
Dimethyl succinate 1 I 1185 
Dimethyl succinate-a-&,a'-& 1.1450 
Succinic anhydride 1,2340 
Succinic-a-d2,ar-dZ anhydride 1,2799 

OF DEUTERIUM 

Temp. 
1 ,  OC.' Calcd. 

25 . . . .  
25 0.9411 
20 . . . .  
20 1.5013 
20 . . . .  
20 1.1097 
20 .... 
20 1.1493 

131 . . . , 
131 1.2836 

pounds. Further experiments must be com- 
pleted before a decision can be reached. If it 
could be ascertained that with pure substances the 
density of a deuterium compound could be pre- 
dicted, a valuable means would be available for 
analysis of many unknown deuterium compounds 
of which the density could be determined and of 

(6) This equation is derived in the following manner: 
VD = VH (1) 
d E  - M / V  ( 2 )  

dD 

at. wt. D at, wt. H 
M + N D  (8.0138 - 1.0081) 

(3J, 

(4) 

(6) 

V 
d n _  M f N ~ ( 1 . 0 0 6 )  
dH M 

dD - dH [1 + N D ( ~ ]  

(7)  Taylor and Selwood, THIS JOURNAL, 56, 998 (1934). 
(8) Bowman, Benedict end Teylar, ibid., 6?, 860 (1936); 9ee a l a  

Erlenmeyer, Hclv. Chim. Acta, 18, 1404 (1935). 
(9) Rahn, 2. physik.  Chem., 88, 67 (1914). 
(10) BceuIT, Tars J O ~ N A L ,  17, 2236 (1936). 

which the density of the hydrogen analog was 
k n O W n .  

Of the few crystalline organic molecules con- 
taining deuterium that have been examined, it 
seems to be general that the melting point is lower 
than that of the light hydrogen analog." The fol- 
lowing (Table IV) melting points were found for 
the succinic acid derivatives now being discussed. 

TABLE IV 
MELTING POINTS OF SUCCINIC ACID AND ITS 

DERIVATIVES 
Melting Points, ' C .  

Compouud dr compound Hydrogen compound 

Ester 17.0 18.2 
Acid"' 180.0-180.5 184.5-185.0 
Anhydride 119.3-119.6 119.3-119.6 

Each melting point quoted is the mean of sev- 
eral observations and the values for corresponding 
deuterium and hydrogen compounds were taken 
in the same bath a t  the same time. No difference 
could be observed in the melting points of the an- 
hydrides and three mixtures containing varying 
amounts of the two analogs melted at the same 
temperature. In the case of the acids, a mixture 
containing approximately 50% of each melted at 

As the two dimethyl succinates are liquids a t  
room temperature, opportunity was taken to 
measure their refractive indices. 

181-184'. 

B. p. 
Compound n l b  (743 mm.j, oc  

Dimethyl succinate-a-&,a'-dz 1.4202 195.3 
Dimethyl succinate 1.4198 196.0 

This relatively small difference in the refractive 
index values is reflected in the boiling points of the 
two esters. 

Experimental 
Methyl Acetylenedicarboxy1ate.-This diester was pre- 

pared by the method of Moreau and Bongrand,l2 b. p. 
73' (4 mm.). 

Dimethyl Succinate-a-&,a'-&.-The product from three 
reductions with practically 100% deuterium, as described 
below, was filtered from catalyst and the ethyl acetate sol- 
vent distilled off under slightly reduced pressure by heat- 
ing to 50-60". The remaining yellowish oil could be crys- 
tallized by cooling in ice water, but the whole was distilled 
under reduced pressure before further purscation. The 
boiling point (99.5' at 25 mm.) was quite constant, and 
the distillate was a colorless liquid which crystallized 

(11) Wilson, J .  Chem. Soc., 492 (1935). 
( l la)  The melting point of succinic acid or the deuterium analog 

varies condderahly, dependent on the conditions used. For the 
above values, the melting point tubes w e e  immersed in 8 cold bath 
and brought, first rapidly and then very slowly, to the melting poiaf 
temperature. 

(12) Moreau and Bongrand. As%. chim., [9] 14, 12 (1020,. 
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Fig. 1. 

easily and completely in ice water, but the newly melted 
substance contained a few crystals which remained a t  
temperatures above the melting point of dimethyl suc- 
cinate, By repeatedly crystallizing and then filtering 
the newly melted ester, diminishing crops of these crystals 
were obtained, the total amount being 0.15 g. This 
substance was evidently a dimethyl fumarate as after 
recrystallization it melted at 102-103’ and instantly de- 
colorized alkaline potassium permanganate. The amount 
obtained was, however, too small to purify and prove 
with certainty whether it was C*Hz(COOCH& or CzDr 
(COOCHs)2. The liquid ester was again distilled a t  at- 
mospheric pressure, the first half of the distillate, which it 
was hoped would contain the impurity, being collected 
separately. The latter half boiled constantly, but alkaline 
permanganate showed it still contained traces of un- 
saturated substance. As an extra check on the course of 
the purification the density was measured. The liquid was 
once more distilled a t  atmospheric pressure, approximately 
the first third of the distillate being collected separately. 
The latter fraction was free from unsaturated compound; 
its boiling point and density, however, were the Same as 
before within the limits of experimental accuracy. 

Dimethyl Succinate.-The constants of the purified 
ester checked with those recorded in the literature. 

Succinic-a-&,a‘-& Acid.-Dimethyl succinate-a-&,a‘-dn 
(10 g.) was saponified by boiling for four hours with 
100 cc. of water and three drops of concentrated nit- 
ric acid.’$ The nitric acid was neutralized by adding 
the calculated quantity of sodium carbonate and the 
solution evaporated to dryness in vacuo a t  40-50’ to 
give 8 g. of crude acid. Three crystallizations from ether- 
alcohol (5:l) yielded an acid whose melting point was not 
changed on further crystallization, and which did not de- 
colorize alkaline permanganate. 

Succinic Acid.-A pure specimen of succinic acid was 
prepared in the same way as the above by the saponifica- 
tion of dimethyl succinate. Its melting point checked 
with the value most commonly recorded in the literature. 

(13) Phelps and Hubbard, Am.  J .  Sci., [4j PI, 211 (1807). 

Succinic-a-d2,a’-d2 Anhydride.-The purified tetradeu- 
terio acid (2.95 9,) was heated with phosphorus oxychlo- 
ride (1.92 9,) and the anhydride distilled according to 
the method of “Organic S y n t h e ~ e s . ” ~ ~  Two grams of 
crude anhydride was obtained. Two crystallizations from 
freshly distilled acetic anhydride followed by washing 
with ice-cold, absolute ether, yielded a product of constant 
melting point. The density of this and of the following 
compound was measured a t  131’ as described below. 

Succinic Anhydride.-This anhydride was prepared in 
the same way as the tetradeuterio compound. Its density 
is not quoted in the literature, but its melting point 
checked with recorded values. 

Ethyl Acetate.-About 1 liter of commercial ethyl 
acetate was shaken with anhydrous calcium chloride and 
the mixture was allowed to stand for several days. The 
calcium chloride was then filtered off and the ethyl acetate 
distilled, the first 100 cc. being discarded, as was also a 
larger quantity remaining in the flask. The middle 
fraction was again distilled from a modified Claisen flask 
and the fraction boiling at  76.8-76.9’ (uncorr.) collected. 

Plalinum Catalyst.-This was prepared in the usual 
way.16 

Deuterium by Electrolysis of 99.9% Deuterium Oxide,- 
When this investigation was started, heavy water was 
available only in small quantities and the cell sketched in 
Fig. 1 was devised for the electrolysis of 2 cc. or less down 
to approximately 0.3 cc. Later it was used just as suc- 
cessfully with 8 to 10 cc. of electrolyte. The electrodes 
were of platinum foil (apparent surface area about 1 sq. 
cm.) and were initially polished but, after being in use for 
some time, the cathode acquired a light but tenacious 
coating of platinum black. The deuterium, after passing 
through a condensing spiral immersed in ice water, was 
collected in a glass gas-holder over pure decalin. The 
oxygen corresponding to the deuterium was also passed 
through a condensing spiral and collected over mercury 
in a buret a t  known temperature and pressure. From 

(14) “Organic Syntheses,” Vol. XII, 1932, p. 87. 
(15) “Organic Syntheler,” Coll. Vol., 1932, p. 462. 
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this known volume of oxygen, the volume of deuterium at  
S. T. P. could be calculated. Usually about 1600 cc. 
(S. T. P.) of deuterium was collected for one reduction. 
During the electrolysis the pressure in the anode compart- 
ment of the cell increased a t  a greater rate than in the 
cathode compartment, and i t  was necessary to regulate 
the levels of the electrolyte in the cell arms from time to 
time by means of an adjustable head of mercury connected 
to the oxygen buret. 

Fig. 2. 

In the first instance the electrolyte was made by dis- 
solving potassium hydroxide in 99.5% deuterium oxide 
to give a 5% solution. The electrolysis was then run until 
1500 cc. of hydrogen isotope mixture had been evolved. 
This gas was merely oxidized to deuterium oxide and was 
not used in the reductions described in this paper, but the 
gas evolved thereafter was used and assumed to  be pure 
deuterium. Direct current was taken from a 110-volt 
source, a lampbank resistance being placed in series with 
the cell. It was found that 1-3 lamps of 120 watts were 
sufficient to maintain a convenient evolution of gas without 
unduly heating the cell which was immersed in an ice- 
water bath and kept thereby at 5’ (Fig. 1). 

In connection with this set-up and its operation there 
are some observations of interest. I t  has already been 
mentioned that, after being in use for some time, the ini- 
tially bright platinum cathode became tarnished with 
platinum black. In some experiments, not now reported, 
on the concentration of 14.75% deuterium oxide, it was 
indicated by density measurements before and after the 
electrolysis that the bright electrodes caused a more rapid 
concentration of deuterium oxide than was the case 
after the cathode had become dull. This is in accord with 
the observation by Topley and Eyring” that bright plati- 
num electrodes are more efficient than those coated with 
platinum black in the electrolytic separation of the hydro- 
gen isotopes. A second point is that there was some evi- 
dence of the evolution of ozone at the anode. Thus rub- 
ber connections between the line from the cell and the 
oxygen buret were found, during the course of a month, to 
be attacked in the manner characteristic of ozone, although 
the glass ends were pressed closely together within the 
connection. Also, the surface of the mercury in the OXY- 
gen buret became tarnished. A test with potassium io- 
dide-starch paper, however, failed to reveal the presence 

of ozone. I t  is known that small quantities of ozone are 
liberated at  the anode during the electrolysis of aqueous 
acid solutions, but no reference to ozone from alkaline 
solutions could be found in the literature. 

Reductions.-The reductions with deuterium were 
carried out in the apparatus described in “Organic Syn- 
theses”l7 modified to accommodate small quantities of 
materials. Instead of the usual pressure bottle, 13-cm 
Pyrex test-tubes fitted with two side-arms at  right angles 
to one another and ground-in glass caps were used as re- 
action chambers (Fig. 2). These were mounted rigidly in 
a wooden frame during the shaking and separated from the 
gas holders by condensing spirals packed in dry ice 
The number of reaction chambers used depended on the 
quantities of the reactants. In a typical run where 1500 
cc. (S. T. P.) of deuterium were available, four such tubes 
were employed, each being charged with 1.17 g. of di- 
methylacetylene dicarboxylate, 0.03 g. of platinum cata- 
lyst and 4 cc. of ethyl acetate. These quantities ensure 
an excess of deuterium. During the reduction, the pres- 
sure within the system was at  no time greater than 20 rnm 
above atmospheric pressure, and the highest temperature 
reached was about 40’. It was found that occasional 
streaming of the whole volume of deuterium through the 
reaction chambers accelerated the absorption of gas. This 
was done by attaching a gas holder a t  each end of the 
series of reduction tubes and driving the gas back and 
forth by air pressure. Absorption of gas usually ceased 
after about four hours of shaking, by which time on an 
average 98% of the theoretical amount had been absorbed. 
Longer shaking did not lead to appreciable diminution in 
the volume of the residual gas. 

In the preliminary reduction experiments of dimethyl 
acetylene dicarboxylate mentioned in the introduction, 
the theoretical volume of a 2% deuterium mixture was ab- 
sorbed in one hundred and sixty-five minutes, whereas a 
60% deuterium mixture required two hundred and ten 
minutes and 100% deuterium required one hundred and 
seventy minutes. 

In Table V the results are given of several experiments 
in which sufficient dimethyl acetylene dicarboxylate was 
used to absorb about one-quarter of the original hydrogen 
isotopes when reduction was complete. When absorption 
no longer took place, the residual gas was passed slowly 
through a condensing spiral immersed in solid carbon 
dioxide and then over copper oxide heated to 500”. In  
this way combustion of excess hydrogen and deuterium 
to deuterium oxide and to water was complete. The 
water was carefully distilled, its density determined and 
hence its deuterium oxide content. Table V summarizes 
the results of these experiments. 

Original D20 in 
water original 
in cell, cell water, 

K.  % 
3.9922 14.75 
4.0128 14.75 
4.2231 60.93 
4.2165 60.93 
4.2774 82.70 
4.5518 82.70 

TABLE V 
Weight of Dz0 in 

water residual 
electro- cell water, 
lyzed. g. % 
1,4090 21.25 
1.3780 21.25 
1.4700 80.45 
1.4840 80.80 
1.5580 96.75 
1.5132 94.20 

DIO in gas 
Before After 

reduction, reduction, 
% % 

2.84 1.75 
2 .32  1.75 

24.36 19.45 
24.32 19.45 
59.95 54.15 
59.60 51.00 

(18) Topley and Eyrinp, Ncturr, 992 (1934)+ (17) “Orpmic Synthercr,” Coll, Vol. 1982, p. Sa. 
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Examination of this table indicates the relatively rapid 
concentration of deuterium oxide obtained with the type of 
apparatus employed. This is due, probably, to  the careful 
control of the temperature of the electrolysis a t  5' and 
possibly to the slow evolution of the gases (300-400 cc. in 
eight hours. 

The last two columns might lead to the deduction that 
there had been a preferential absorption of deuterium or 
that deuterium had been lost by interchange with hydro- 
gen in some part of the system. The greater speed of the 
hydrogen reductions would appear to disprove the f i s t  
of these possibilities. The differences, however, between 
the values in the next t o  the last column and the last 
column are not significant due to sources of experimental 
error. First, the original concentration of deuterium 
oxide and thus the concentration of the deutedum-hydro- 
gen mixture, is subject to error due to the potassium hy- 
droxide added for electrolysis. Another error may arise 
from the fact that the catalyst is Pta-HSO and thus a 
certain amount of water is always present. Moreover, 
an amount of gas is lost in the reduction of the oxide to  
platinum black. It may be stated also that in spite of all 
precautions the manipulative error is relatively large in the 
production of the gas, the passage of the gas through the 
reduction apparatus and the subsequent burning of the 
gas to deuterium oxide and water to obtain the percentage 
of deuterium present. 

As the time which the mixture of isotopes may be passed 
through the reaction mixture may be varied without 
changing the percentages of the isotopes in the residual 
mixture, it  is reasonable to  assume that if the hydrogen- 
deuterium interchange does take place, it does so only to a 
very slight extent. 

Density Determinations.-For the measurement of the 
density of compounds liquid at  room temperature, pyc- 
nometers and counterpoises, holding from 0.5-1.5 cc., were 
made in pairs from Pyrex glass as described by Hartley 
and Barrett.** Constant temperature was attained by im- 
mersing the pycnometers in a thermostat of which the 
maximum variation was *0.02'. The formula developed 
by these authors was also employed in the calculation of 
the densities. 

Dean, Hill, Smith and Jacobs'g have described a form of 
pycnometer which they used for rough density determina- 
tions of viscous petroleum oils. The apparatus shown in 
Fig. 3 is an adaptation of this type of pycnometer suitable 
for the determination of densities of compounds that are 
solid a t  ordinary temperatures and melt without de- 
composition. It consists of a capillary pipet ground at 
each end to fit glass caps, and also a small receptacle 
as shown in which the solid substance is melted. A con- 
stant temperature jacket made of glass completes the 
parts of this equipment. The pycnometer is first weighed 
empty and then filled with water a t  two different tem- 
peratures. To obtain the pycnometer full of water a t  a 
given temperature, it is first filled by suction a t  room 
temperature, and then placed in a constant temperature 
jacket in a horizontal position, where it is held by plugs 
of cotton on each side of the bulb. At this stage, the 

(18) Hartley and Barrett, J .  Chem. Soc., 99, 1072 (1911). 
(19) Dean, Hill, Smith and Jacobs, Bull. 207, B w s u  of Miner. p. 

42. 

jacket is conveniently maintained at a constant tempera- 
ture by passing water from a thermostatic source through 
it fairly rapidly. A preliminary test with a thermometer 
will show the time required for the central tubular space to 
reach constant temperature. In  the case of the present 
apparatus, this time was about five minutes at tempera- 
tures from 15-30'. The pycnometer is allowed to re- 
main in the jacket for twenty minutes, during which time 
water is either added by holding a drop on the end of 
a glass rod to the capillary, or wiped away with fdter 
paper as it flows out, depending on the difference be- 
tween room temperature and the temperature of the 
measurement. The ends are then covered with the caps, 
the pycnometer taken out of the jacket, placed on a suit- 
able chair in the balance case and, after fifteen to twenty 
minutes, weighed. The same procedure is repeated to  ob- 
tain the weight of the pycnometer full of water a t  a differ- 
ent temperature. 

The pycnometer has now to be filled with the compound, 
of which the density is required, a t  a known temperature 
above its melting point. To carry out this part of the 
determination, the jacket is placed in a vertical position 
and, when the melting point of the compound is above 
loo', is heated by circulating through it a rapid stream 
of vapor from a reservoir of liquid boiling at a temperature 
above the melting point. In the present instance the 
compound whose density was required melted a t  119.6', 
and it was found convenient to heat the jacket with the 
vapor from pure boiling chlorobenzene (b. p. 132'). A 
preliminary test with a thermometer shows the time re- 
quired for the central tubular space to acquire constant 
temperature in the range required, and also that tempera- 
ture. In  the present instance this was about ten min- 
utes and the constant temperature was 131'. Beneath 
the jacket is placed a small electrical heating element con- 
trolled by a rheostat, and insulated from the jacket by a 
heavy asbestos board. This element is used to  melt the 
compound in the small receptacle, which is fitted into a 
hole in the asbestos board. The pycnometer is placed in 
the jacket so that the capillary tip dips into the molten 
compound and the neck of the receptacle fits around the 
stem. This position is shown in Fig. 3. The pycnometer 
is held in place and air currents in the central space pre- 
vented by means of small cork rings placed above and be- 
low the bulb. After ten minutes the pycnometer is suf- 
ficiently heated and the molten substance is very slowly 
drawn into it by suction or preferably forced in by carefully 
controlled dry air pressure. Too rapid filling causes 
bubbles to  form in the pycnometer. The rubber tube 
through which the suction was applied is then pinched or 
the air pressure is stopped and the pycnometer allowed to 
remain in the constant temperature jacket for twenty 
minutes. It will be found that a solid cap of the sub- 
stance forms on the upper end of the capillary, and while 
the pycnometer is in the jacket it fdls itself a t  the tem- 
perature of the central jacket space by taking up from or 
emptying out more liquid into the receptacle. The re- 
ceptacle is now removed, the heating in the jacket cut off, 
and the contents of the pycnometer rapidly solidsed 
by blowing air against it. The pycnometer is taken out 
of the jacket, any solid substance carefully removed from 
the outside by washing with a volatile solvent, the caps 
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put on, and the whole allowed to remain in the balance 
case for twenty minutes before weighing. 

c 

I. 5cm. _I 

0,75 c. c.. 

m 

Fig. 3. 

The density is then calculated as follows:s@ If the 
pycnometer contains vi cc. (w1 g.) of water at temperature 
11 and v2 cc. (w2 g.) at temperature b and vg cc. (w8 g.) 
of liquid, of which the density, d, is required, at tempera- 
ture ts and if the coefficient of linear expansion of the glass 
of which the pycnometer is made is a, then 
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va vi + k(ta - ti) 
Summary 

A convenient apparatus is described for the 
production of deuterium and reduction of organic 
compounds with this gas. 

Dimethyl acetylene dicarboxylate was re- 
duced with deuterium to dimethyl succinate-cw-dz,- 
a'-& and from it by hydrolysis succinic-a-dZ,a'- 
dz acid was obtained. This latter was converted 
by means of phosphorus oxychloride to succinic- 
a-&,a'-d~ anhydride. 

3. The analyses, boiling points, melting points, 
densities and indices of refraction were determined 
and compared with those of the hydrogen analogs. 

4. An apparatus for determining the density 
of solids which melt without decomposition is de- 
scribed. 

5. It has been demonstrated that, under the 
conditions used, the replacement of deuterium by 
hydrogen, if it takes place at  all, is a very slow re- 

1. 

2. 

action. 
(20) Cf., Reilly and Rae, "Physico-Chemical Methods," 1933, p. 
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The Freezing Point and Boiling Point of Propane' 

BY MILDRED M. HICKS-BRUUN AND JOHANNES H. BRUUN 

1. Introduction 
Although the freezing points of the pure normal 

hydrocarbons with an odd number of carbon 
atoms are, in all cases, considerably lower than 
those of the even-numbered compounds of the 
same series, the generally accepted value, 
-189.9", given for the freezing point of propane 
seems unduly low. It is not only lower than that 
of its lower even-numbered homolog, ethane 
(f. p. -172.0°), but also is lower than that of 
methane (f. p. -184'). For this reason it was 
suspected that perhaps the value found in the 
literature for the freezing point of propane was 

(1) Presented before the Division of Petroleum Chemistry at  the 
91st meeting of the American Chemical Society, Kansas City, Mis- 
wuri, April 13-17, 1936. 

not correct and that a higher value might be ob- 
tained by intensive purification of the propane, 
and improved technique in the determination of 
its freezing point. 

Furthermore, the value - 189.9', reported by 
Maas and Wright2 was determined by carefully 
raising and lowering the temperature of a bath 
in which was suspended a sealed glass bulb that 
contained less than 2 ml. of propane. These au- 
thors state that difficulty was experienced with 
supercooling, but that this effect was minimized 
by freezing the sample more than one time, suc- 
cessively. However, in a procedure such as that 
given above, it was not the temperature of the 

(2) MaaS and Wright, THIS JOURNAL, 431 1098-1111 (lgzl). 


